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virus is responsible for only about 50% of adult cases of aseptic meningitis Marier et al., 1975) . In this chapter, we review the features of enteroviruses and meningitis caused by this pathogen, with reference to an outbreak we recently experienced (Hayashi et al., 2009 ).
Virology
Enteroviruses are single-stranded RNA viruses, and belong to the Picornaviridae family. Other viruses which belong to this family include rhinovirus, which is the major cause of the common cold. Enteroviruses are divided into 5 subgenera, which are polioviruses, coxsackieviruses (group A and B), and echoviruses. Each subgenus comprises many serotypes, making the total number of serotypes more than 60. Some serotypes have a strong association with meningitis, while others seldom cause it. A list of serotypes associated with aseptic meningitis is summarized in Table 1 . Enteroviruses also cause other neurological disorders and the association of serotypes with specific neurological disorders i s d e s c r i b e d i n T a b l e 2 . A l t h o u g h r a r e , o p soclonus-myoclonus syndrome and infantile hemipleia have been attributed to enteroviruses in some cases (Kuban et al., 1983; Rodden et al., 1975) .
Frequently associated
Occasionally associated Polivirus 1-3
Group A coxsackievirus 2, 4, 5, 7, 9, 10, 16 1, 3, 6, 8, 11, 14, 17, 18, 22, 24 Group B coxsackievirus 1-5 6 Echovirus 4, 6, 9, 11, 16, 30, 33 1-3, 5, 7, 8, 12-15, 17-25, 31, 32 Enterovirus 70, 71 Table 1 . The association of enterovirus serotypes with viral meningitis Enteroviruses lack the envelope, and are stable even in an acidic environment, which allows this virus to transit through the stomach (Rosenthal, 1994) . The capsid protein is made of four virion polypeptides (VP1-4), among which VP1 serves as a structure to bind its receptor. The virus is internalized by receptor-mediated endocytosis, and then the genome is released into the cytoplasm. Cytolysis ensues in many cases, depending on the virus and the types of infected cells.
Because the gene encoding this protein undergoes a high rate of mutation during replication, this virus is able to avoid immune detection, and sometimes causes large outbreaks. In the coxsackievirus B3-associated meningitis outbreak in Hong Kong in 2008, for example, an amino acid change of this virus was documented (Wong et al., 2011) . There was also a large outbreak of aseptic meningitis caused by echovirus 30 in Korea in 2008. A gene analysis of the sequence of VP1 revealed that the causative strain was of a distinct lineage (Choi et al., 2010) . There have also been other reports which demonstrated that changes in the immunogenic portion of the viral protein was related to a large outbreak of meningitis Mao et al., 2010) .
Encephalitis Poliovirus 1-3
Group A coxsackievirus 2, 4, 5-9, 10, 16
Group B coxsackievirus 1-6 2-4, 6, 7, 9, 11, 14, 17-19, 22, 25, 30, 33 Enterovirus 70, 71
Echovirus
Paralysis Poliovirus 1-3
Group A coxsackievirus 2-11, 14, 16, 21, 24 Group B coxsackievirus 1-6 Echovirus 1, 2, 4, 6, 7, 9, 11, 14, [16] [17] [18] [19] 30 Enterovirus 70, 71
Cerebellar ataxia Poliovirus 1, 3
Group A coxsackievirus 2, 4, 7, 9
Group B coxsackievirus 1-6 E c h o v i r u s 6 , 9
Enterovirus 71
Polyneuropathy Group A coxsackievirus 2, 5, 9
Group B coxsackievirus 14 Echovirus 5, 6, 22 Table 2 . The association of enterovirus serotypes with neurological disorders After initial replication in the oropharynx, the enterovirus transits the stomach and reaches the intestinal loop. In the submucosal lymphatic tissue, the viruses actively replicate and cause viremia, which then targets many organs. The best temperature for enterovirus to replicate is 37°C, and conditions with lower temperatures are unsuitable for the development of this viremia. This is one of the reasons why enterovirus meningitis is most prevalent in hot seasons. A large study showed that enterovirus meningitis is more than 5 times more common in summer than in winter, although mumps or arenavirus meningitis is more common in the winter and spring (Meyer et al., 1960) . Exercise, which raises the body temperature, may also promote viral replication. In a mouse model of poliomyelitis, the degree of exercise correlated with the severity of paresis (Rosenbaum & Harford, 1953) . Clinical data also shows that hard physical exercise has often preceded the establishment of paresis in this disease (Horstmann, 1950) . Cardiac muscle damage caused by the coxsackievirus is also augmented by exercise (Gatmaitan et al., 1970) . It is thus believed that severe exercise makes the disease more severe in cases of enteroviruses infection (Modlin, 2008) .
We recently experienced an outbreak of aseptic meningitis caused by echovirus 30 in a high school baseball club (Hayashi et al., 2009) . Among the 43 members of the baseball club related to our case, 12 were admitted to our hospital, 5 to other hospitals, and all of the other members developed a fever and headache even though they were not admitted to hospitals. This attack rate was extraordinarily high; that in previous reports ranged from 3 to 13% (Akiyoshi et al., 2007; Dumaidi et al., 2006; Mohle-Boetani et al., 1999; Vieth et al., 1999) . This extraordinarily high attack rate could be explained by the physically severe training the club members undertook before or just after virus infection.
The route of central nervous system invasion of this virus has not been fully elucidated, but blood-mediated spread is most plausible. The simultaneous occurrence of neurological and other symptoms supports this route. Experimental data show that viremia precedes central nervous system invasion (Nathanson & Bodian, 1962) , which also supports this route. Alternatively, the direct spread from intestinal peripheral nerves is also suspected (Sabin, 1956 ). In the case of poliomyelitis, virus may spread through the muscle and access the innervating nerves, and then travel to the brain (Rosenthal, 1994) .
Clinical features
More than 90% of enterovirus-infected people remain asymptomatic (Kogon et al., 1969) . Even if the infection becomes symptomatic, most of the patients develop only mild febrile illness; less than 5% of febrile patients develop meningitis (Rotbart, 1995 (Rotbart, , 2000 . It is estimated that about 1 in 3,000 cases of enterovirus infection causes meningitis. Females are more prone to evolve meningitis (the male:female ratio is 1.3-1.5:1), although the exact reason for this is unknown. There are no specific findings for the febrile illness caused by enterovirus. It is known that the fever may last for one week or longer (Kogon et al., 1969; Rotbart et al., 1998) . Headache, throat pain, emesis, and diarrhea are also common findings in cases of enterovirus infection, all of which are also common in mild febrile illnesses caused by other pathogens.
Organs other than the nervous system are also the targets of this virus, and therefore, various disorders are caused by this infection. Acute hemorrhagic conjunctivitis, exanthems, hand-foot-and-mouth disease, herpangina, myositis, and pericarditis are well-known disorders caused by this virus. As seen for the neurological symptoms (Table 1 and 2), these disorders are also associated with specific enterovirus serotypes. Acute hemorrhagic conjunctivitis, for example, has a strong association with enterovirus 70 and coxsackievirus A24. Herpangina is mainly caused by coxsackievirus A or E71.
As described above, most cases of aseptic meningitis follow an uneventful course. However, a few people show complications such as seizure, coma, and movement disorders. There were no such cases in the outbreak we experienced (Hayashi et al., 2009 ), but 5 to 10% of infant cases show severe complications (Rorabaugh et al., 1993) . Infant cases may suffer from neurological sequela such as altered language development, which suggests a higher vulnerability of infants to this virus. On the other hand, other studies have suggested that older people are more vulnerable to poliovirus infections (Nathanson & Martin, 1979; Weinstein 1957) . There is also data suggesting that adults show a more prolonged course of enterovirus infection (Rotbart et al., 1998) . The reason why younger people suffer from enterovirus infections more frequently may be related to the absence of specific immunity. The reason older people tend to have a prolonged clinical course, on the other hand, remains unknown.
Although most cases of enterovirus meningitis take a quite benign course, electroencepharograms may show slowing of the waves (Lepow et al., 1962) . We investigated the electroencepharograms in several cases of enterovirus meningitis (Hayashi et al., 2009 ), but no cases revealed abnormal findings. The results of electroencephalograms may be different based on the causative serotype, but this issue has not been fully elucidated. Eleven to twenty-two percent of the cases of viral encephalitis are caused by enteroviruses (Modlin, 2008) , which indicates that some serotypes are highly neurotropic and take an aggressive form. Echoviruses 9 and 71 are notorious for their frank brain damage (Fowlkes et al., 2008) . However, even in the same serotype-caused outbreak, the clinical picture may be different for those affected by the viruses (Akiyoshi et al., 2007; Faustini et al., 2006; Hayashi et al., 2009; Helfand et al., 1994; Mohle-Boetani et al., 1999; Vieth et al., 1999) . Mutations in VP1 change the virulence, as may other mutations.
The classic clinical presentation of bacterial meningitis is the triad of fever, neck stiffness and an altered mental state. Viral meningitis, on the other hand, usually lacks mental state alteration. In our experience, all patients with enterovirus meningitis suffered from headache and fever, but the mental state was unaltered in all of the cases (Hayashi et al., 2009) . However, there were other symptoms in these patients (summarized in Table 3 ). Most previous reports show similar results: headache and fever in all patients, vomiting in 60 to 90%, diarrhea in 11%, and rash in 3 to 9% (Bernit et al., 2004; Gosbell et al., 2000; Ihekwaba et al., 2008; Kao et al., 2003) . Why a rash was not observed in our case series remains uncertain. Some serotypes, such as enterovirus 71, tend to be more aggressive, but to speculate the causative serotype based on the clinical presentation alone is impossible. In cases of aseptic meningitis caused by other viruses, some symptoms are informative about the causative agent; concomitant parotitis or genital lesions, for example, indicates a mumps infection or herpes simplex 2 infection, respectively. However, even in mumps-related meningitis, only half of all patients show parotitis. In addition, only 3 of 23 herpes simplex virus 2-related aseptic meningitis cases had shown prior genital lesions (Landry et al., 2009) . Whether the meningitis is caused by an enterovirus or another viruses cannot be inferred clinically.
Meningeal irritation signs are important for diagnosing meningitis. Unless meningeal irritation signs are confirmed, the clinician does not generally investigate the cerebrospinal fluid (Attia et al., 2009 ). In our case series, however, neck stiffness was confirmed in only 60% of cases (Hayashi et al., 2009) . Previous reports also showed that this sign was confirmed in only 70% of cases. The absence of this sign does not exclude meningitis. Kernig signs, a common symptom of meningeal irritation, is less sensitive than neck stiffness; as shown in Table 3 , only 23.5% of cases showed this sign. Among the three meningeal irritation signs we investigated, the Jolt accentuation signs showed the highest sensitivity (Table 3) , which was compatible to that shown in previous report (Uchihara et al., 1991) . The Brudzinski sign has high sensitivity in cases of bacterial and tuberculous meningitis (Brody & Wilkins, 1969) , but how often this sign is observed in enterovirus-associated meninigitis remains uncertain. Although we did not carry out an exact analysis, this sign was only rarely observed in our case series of echovirus 30-associated meningitis. When a patient with a possible diagnosis of meningitis is encountered, then the Jolt accentuation test is considered to be of great importance.
As the disease usually takes benign clinical course, no specific treatment is required in most cases. Analgesics or anti-emetics are used for relief of symptoms. Pleconaril may reduce the duration of headache or fever, but is not approved for use in the United States.
When immunocompromised patients develop enterovirus meningitis, the outcome is often poor. It tends to become a chronic infection. Even with intravenous administration of immunoglobulin, the disease often has a fatal outcome (Modlin, 2008 
Laboratory data
Pleocytosis in the cerebrospical fluid, with predominance of mononuclear cells, is one of the most important findings for diagnosing viral meningitis. However, many previous studies of enterovirus meningitis have reported results that contradict this rule (Bernit et al., 2004; Carrol et al., 2006; Kao et al., 2003; Lee & Davies, 2007) . Our case series also revealed that 59.7±28.9% of the cells in the cerebrospinal fluid were of polymorphonuclear origin (Table  4) . Therefore, polymorphonuclear cell predominance in the cerebrospinal fluid is not unusual in enterovirus meningitis. In herpesvirus infection of the central nervous system, polymorphonuclear cell predominance is also common. Although it is sometimes insisted that an inflammatory response in the cerebrospinal fluid tends to be more prominent in herpesvirus infection than in enterovirus infection, to differentiate them by the cerebrospinal fluid findings is impossible. Our case series showed that the cells in the cerebrospinal fluid ranged from 0 to 370/µl, and a study of herpesvirus infection showed 4 to 755/µl (Olson et al., 1967) . The results are therefore highly variable among cases, and are not sufficiently informative to speculate on the causative agent.
In cases of bacterial meningitis, some parameters such as a low glucose level in the cerebrospinal fluid, predict a poor outcome of disease. In cases of aseptic meningitis caused by enteroviruses, however, the cerebrospinal fluid profile does not predict the clinical course. Furthermore, the pleocytosis or an increased protein level in the cerebrospinal fluid was not related to the severity of headache or emesis. This may be, at least in part, because the time when the cerebrospinal fluid was obtained varied among the cases; the inflammatory response in the cerebrospinal fluid may be mild when a lumbar puncture is performed early in the course of infection (Jiménez Caballero et al., 2011) .
As shown in Table 4 , white blood cells and/or C-reactive protein elevation in the blood are generally mild in cases of aseptic meningitis. This profile is similar to that of other viral infections. These findings are useful when viral meningitis needs to be differentiated from bacterial meningitis.
Isolation of the virus in cell culture was the traditional method used to identify the causative agent of viral meningitis, but it usually has low sensitivity, ranging from 60 to 75% (Trabelsi et al., 1995) . Serological examinations and RT-PCR have, therefore, now become commonplace, and RT-PCR has recently become preferred because of its high sensitivity and shorter time required for the test. The sensitivity and specificity of RT-PCR are 100 and 97%, respectively (Halonen et al., 1995; Rotbart et al., 1994) . We have examined the cerebrospinal fluid and pharyngeal swabs to identify causative agents, and found that both serological and RT-PCR studies have high sensitivity (Hayashi et al., 2009 
Mode of transmission and outbreak prevention
Enteroviruses begin to be excreted when the infection is still asymptomatic. It is thus possible for a person to transmit the virus even when he/she is not aware of being infected. The time from enterovirus exposure to symptom onset differs between disorders; it is 12 to 24 hours for conjunctivitis, 2 to 3 days for gastroenteritis, and 3 to 10 days for aseptic meningitis (Modlin, 2008; Tyler & Martin, 1993) . Even during this period, the virus may be propagated.
Viral particles are shed in the upper respiratory tract secretions and feces, the former for about 1 to 3 weeks and the latter for 5 to 6 weeks. There are some exceptions, such as enterovirus 70 in tears, which cause acute hemorrhagic conjunctivitis (Onorato et al., 1985) . For the transmission and outbreak of enterovirus meningitis, the fecal-oral route plays the pivotal role. Respiratory secretions could theoretically be involved, but whether this route actually plays a role in meningitis transmission is uncertain. When one became infected by an enterovirus, a member in the same family becomes infected in 43 to 76% of cases (Kogon et al., 1969) . Living in crowded conditions increases the probability of transmission. Poor hygiene also facilitates the spread of infection. Consequently, enterovirus infection is more prevalent in people of lower socioeconomic status.
In order to prevent transmission and outbreaks, hand washing is important. Sharing cups or bottles should be forbidden. The outbreak we recently experienced was, at least in part, caused by sharing drink bottles (Hayashi 2009 ). When the patient is an infant who still needs diapers, caregivers should take special precautions to decrease the spread of infection. Indeed, child-care centers sometimes become the center of outbreaks (Akiyoshi et al., 2007; Dumaidi et al., 2006; Mohle-Boetani et al., 1999; Vieth et al., 1999) . To use gloves is warranted.
Not only the above-mentioned limited-community outbreaks, but also larger outbreaks, which involve a city to a country, sometimes occur (Choi et al., 2010; Cui et al., 2010; Gobbi et al., 2010; Kao et al., 2003; Mao et al., 2010; Perevoscikovs et al., 2010) . In most of such cases, a mutation of the immunogenic viral protein is involved. In such outbreaks, the attack rate for each person is quite low. Careful hand washing and maintaining quality standards are important. Virus-containing water occasionally pours into a pond, lake, or sea.
Relatively small open-community outbreaks can take place under such circumstances (Begier et al., 2008; Hauri et al., 2005) . Although exposure to the virus is inevitable when one swims in such pond, the rate of symptomatic infection is variable. What determines whether the infection is symptomatic or asymptomatic is not clear, but the time spent swimming correlated with the occurrence of clinically apparent meningitis (Begier et al., 2008; Hauri et al., 2005) . Therefore, it is best to limit the time spent swimming in a pond for a long time, when meningitis is prevalent.
Serum IgG against enteroviruses persists for life, and IgA (secretory immunoglobulin) continues to circulate for approximately 15 years. Infants and young people are less likely to possess serotype-specific antibodies against enteroviruses. Special attention should be paid in order not to expose young people to prevailing virus. In the outbreak we experienced, we notified all schools, kindergartens, and nurseries that an enterovirus infection had been detected. We asked public health centers to teach the school staff in the city how to prevent transmission. Owing to these activities, we successfully contained the echovirus 30-associated meningitis outbreak within a limited-community. 
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